Because Vietnam veterans comprise the majority of all living veterans and most are now older adults, the urgency and potential value of studying the long-term health effects of service in the Vietnam War, including effects on mortality, is increasing. The present study is the first prospective mortality assessment of a representative sample of Vietnam veterans. We used one of the longest follow-up periods to date (spanning older adulthood) and conducted one of the most comprehensive assessments of potential risk factors. Vital status and cause of death were ascertained for the 1,632 veterans who fought in the Vietnam theater (hereafter referred to as theater veterans) and for 716 Vietnam War-era veterans (hereafter referred to as era veterans) who participated in the National Vietnam Veterans Readjustment Study . As of April 2011, 16.0% (95% confidence interval: 13.1, 19.0) of all Vietnam veterans who were alive in the 1980s were deceased. Male theater veterans with a high probability of posttraumatic stress disorder (PTSD) were nearly 2 times more likely to have died than were those without PTSD, even after adjustment for sociodemographic and other characteristics. A high level of exposure to war zone stress was independently associated with mortality for both male and female theater veterans after adjustment for sociodemographic characteristics, PTSD, and physical comorbid conditions. Theater veterans with a high level of exposure to war zone stress and a high probability of PTSD had the greatest mortality risk (adjusted hazard ratio = 2.34, 95% confidence interval: 1.24, 4.43).
Over the nearly 4 decades since the official end of the Vietnam War in 1975, the health and well-being of Vietnam veterans has been a major focus of research on military and veteran populations. There is a substantial body of research documenting numerous physical and behavioral health readjustment problems among those who served, including posttraumatic stress disorder (PTSD), which first appeared in the third edition of the Diagnostic and Statistical Manual of Mental Disorders (1) 5 years after the war. Because Vietnam veterans currently constitute the majority of all living veterans and most are in their late 60s, the importance of continuing to study their mortality outcomes, with special focus on potential long-term physical and mental health effects of having served in Vietnam, is increasing. Achieving a better understanding of the long-term mortality risks associated with war zone service among these "modal" users of services in the Department of Veterans Affairs would address multiple important needs. First, it would enable providers to identify high-risk patients, and it might inform treatment practices to address behavioral risk factors. Second, it could enable policy makers to anticipate potential long-term mortality outcomes and risk profiles among more recent and future generations of veterans and to attenuate those risks by supporting preventative measures, such as more focused screenings and early interventions. Third, conditions or risk factors brought on or exacerbated by war zone service or stress in the context of the aging process (i.e., among cohorts of aging veterans) have to date been largely understudied.
Retrospective studies of postwar mortality among Vietnam veterans indicate a higher all-cause mortality rate among male veterans who served in Vietnam, Laos, Cambodia, or waters in or around these countries or who flew missions over these areas (hereafter referred to as theater veterans) than among veterans who served in US military during the Vietnam War era but not in the war itself (hereafter referred to as era veterans) because of an excess of deaths from external causes (e.g., suicide, homicide, injury) (2-8) that largely attenuated after the first 5 years after discharge (4, 9) . They also indicate comparable all-cause mortality rates in female era and theater veterans, with higher rates of deaths due to motor vehicle accidents among female theater veterans (10, 11) . Although there have been several other studies that included more specific military characteristics (in contrast to service in the Vietnam theater of operations) as proxies for exposure to war zone trauma in modeling mortality, such as military rank (7, 11) , military occupation (2, 4, 9) and duration of service (11) , trauma exposure has not been directly assessed.
Results from several other studies suggested a robust relationship of PTSD with all-cause and external-cause mortality among Vietnam veterans, although several important limitations must be considered. First, various methodologies have been used to assess PTSD, including nonvalidated self-report screening measures (12, 13) , clinical interviews without a standardized diagnostic instrument (14) , and clinical interviews with gold-standard diagnostic measures (15) . Second, the profiles of risk factors also varied; only 1 study (13) included measures of combat exposure, and none included physical comorbid conditions. Further, the samples were not representative of all military branches and excluded women.
One causal model of trauma exposure posits that trauma (e.g., exposures to combat or war zone stress) impacts mortality both directly and indirectly through the development of PTSD and other psychological changes (16, 17) . It proposes that PTSD affects mortality through changes in attentional processes (e.g., altered symptom perception) and through psychological alterations (e.g., poor coping) that shape illness and health risk behaviors, respectively, as well as through biological alterations. In the present study, we sought to test this conceptual model by evaluating the associations of exposure to war zone stress and PTSD with mortality. The study is a component of the National Vietnam Veterans Longitudinal Study (NVVLS) (18) and is to our knowledge the first prospective mortality study of a representative sample of Vietnam veterans. We used one of the longest follow-up periods to date (spanning older adulthood) and conducted one of the most comprehensive assessments of potential risk factors, including exposure to war zone stress and PTSD.
METHODS

Study sample
The present nationally representative sample included the 1,632 theater veterans and 716 era veterans who were first assessed in the National Vietnam Veterans Readjustment Study (NVVRS) (19) (20) (21) . The original NVVRS veteran cohort was selected from the military records of the 8.3 million veterans who served in the US military during the Vietnam era and were still alive in 1987; in the present study, we did not account for deaths that occurred during the war or between the end of the war and selection of the cohort (i.e., 1964-1986).
Ascertainment of vital status and cause of death
Mortality outcomes were ascertained from the Social Security Death Index (SSDI), the National Death Index (NDI) Plus, and death certificates. The SSDI includes up-to-date information on vital statuses and dates of death for individuals enrolled in the US Social Security program since 1936. At the time of the present study, NDI Plus records that included vital status, date of death, and cause of death were available from 1979 through 2009. For decedents whose cause of death was not available in the NDI Plus because the date of death was after 2009, we sought death certificates from vital statistics offices of the respondents' last known state of residence. PTSD and other potential mortality risk factors and covariates used in this study were derived from the baseline (NVVRS) survey.
Defining PTSD
Because PTSD assessment was in its infancy at the time, NVVRS investigators used a multimethod, multisource design and based PTSD designation on findings from multiple survey instruments and clinical interviews. Survey assessments were conducted for the full sample, and clinical assessments were conducted for a stratified probability subsample by licensed psychologists using a semistructured diagnostic protocol for the Diagnostic and Statistical Manual of Mental Disorders, Third Edition Revised (22) .
Estimates of the population prevalence of PTSD were derived by using a logistic regression model to predict the current PTSD diagnosis in the clinical subsample (n = 343), applying the resulting regression equations to the full sample (n = 2,348) to estimate the probability of current PTSD, and then summing the probabilities across the full sample to estimate prevalence. Estimates are therefore a statistical projection of the clinical subsample findings to the full veteran population, taking into account detailed information from the clinical interviews and self-reported information available for the entire sample (23) .
Using the continuous predicted probability of PTSD, we constructed a dichotomous measure of probable PTSD that included the majority of cases in the clinical sample identified as PTSD positive. This in turn constituted virtually all of the "true" cases identified as PTSD positive by the cutoff score that we selected; a predicted probability of PTSD of greater than 75% was our primary measure of a high probability of PTSD. On the basis of weighted data, this cutoff yielded a sensitivity of 0.56, a specificity of greater than 0.99, and a positive predictive value of 0.98. The original continuous measure of predicted probability of PTSD was also used to confirm that associations based on the dichotomous measure were not solely dependent on the selected cutoff. level, marital status, family income, and military pay grade at discharge. Physical health history was assessed based on 37 conditions drawn from the National Health Interview Survey (24) . The cumulative count of conditions was used as an index of comorbidity.
Exposure to war zone stress, which has been hypothesized to be in the causal path to PTSD, was determined in detailed, hour-long interviews with theater veterans. Interview questions assessed multiple dimensions of war zone stress, including combat exposure, abusive violence, deprivation, loss of meaning, prisoner of war status, and exposure to the wounded and dead. Multivariate statistical analyses of those data supported the creation of a sex-specific, multidimensional model of exposures to war zone stressors that produced quantified, Table continues 982 Schlenger et al.
personalized ratings of exposure to Vietnam War zone stress for every Vietnam veteran enrolled in the NVVRS, a measure that was further validated by Dohrenwend et al. (25) . In the present study, we standardized this measure by estimating sex-specific percentiles. Men with ratings above the 75th percentile and women with ratings above the 60th percentile were considered to have experienced high war zone stress (19) .
Statistical analyses
All analyses were conducted using SAS, version 9.4 (SAS Institute, Inc., Cary, North Carolina) survey procedures. NVVRS analysis weights were applied to adjust for bias introduced by the complex sample and nonresponse and to produce generalizable estimates. The numbers in some subcategories do not sum to the total because of missing data for some veterans in the following categories: family income (59 theater veterans and 24 era veterans); pay grade at discharge (5 theater veterans and 5 era veterans); probability of PTSD (35 theater veterans and 16 era veterans); number of current chronic health problems (2 theater veterans); ever had heart disease, stroke, high blood pressure, or atherosclerosis (3 theater veterans); ever had cancer or leukemia (3 theater veterans); ever had diabetes (3 theater veterans); ever had emphysema (3 theater veterans); ever had cirrhosis (3 theater veterans); and war zone stressor exposure (11 theater veterans).
b Frequency counts are unweighted; percentages, means, and 95% CIs are weighted and account for the complex survey design.
c Weights were standardized to the population of veterans who fought in the Vietnam theater to facilitate comparison between Vietnam theater and Vietnam era veterans.
d Includes a small number of individuals of other races (n = 28). e Values are expressed as means. a Underlying cause-of-death codes were obtained for 405 (94.6%) of the identified deaths. For deaths that occurred between 1979 and 1998, cause of death was coded using ICD-9 codes; for deaths that occurred between 1999 and 2009, cause of death was coded using ICD-10 codes.
b Counts of deaths are unweighted; percentages and 95% CIs are weighted and account for the complex survey design, with the estimates for era veterans standardized to the theater veteran population.
c Secondary applies only to ICD-10; under ICD-9 coding, secondary neoplasms are included in the same codes as primary. d Unknown causes of death (n = 27) include 4 for whom the ICD-9/ICD-10 code indicated unknown or ill-defined cause of death and 23 for whom neither National Death Index Plus data nor a paper death certificate could be obtained.
To evaluate the relationship between veteran characteristics abd all-cause mortality, we first estimated age-adjusted hazard ratios using proportional hazards regression models (26) separately for theater and era veterans. We then estimated the relationship between PTSD and war zone stress exposure to all-cause mortality using a series of proportional hazards regression models separately for male and female theater veterans; additional covariates, which were selected based on prior research and age-adjusted analyses, were added in each successive model.
Three specific causes of death (external causes, cancer, and circulatory system diseases) were of theoretical interest and had enough cases to support meaningful analysis. In the survival models for these outcomes, survivors and those who died of other causes were censored. Table 1 presents population estimates of NVVRS cohort characteristics. The majority of theater veterans were white males, with an average age of 41.5 years in 1987. Most had completed a high school or had a partial college education and were married or living as married at the time of the NVVRS. Era veterans had a largely similar sociodemographic profile. Approximately 1 in 11 theater veterans had a high probability of PTSD at the time of the NVVRS, which was markedly higher than that for era veterans after adjustment for key differences between the cohorts.
RESULTS
Description of all-cause and cause-specific mortality
The SSDI identified 372 deceased subjects. The NDI produced 270 complete and 673 possible matches, with multiple "possible" matches occurring for some cases. Ultimately, 384 true deceased cases were identified. Because SSDI captured more recent deaths than did NDI, a cohort member was considered deceased if the death was a valid match in either source, yielding a total of 428 deaths. Concordance between the SSDI and NDI was 84% for deaths that occurred through 2009.
As of April 2011, 16.0% (95% confidence interval (CI): 13.1, 19.0) of all Vietnam veterans (theater and era combined) who had been alive at the time of the NVVRS were deceased. Mortality estimates are presented separately for theater and era veterans. We applied weights for era veterans that were standardized to the theater veteran population. As shown in Table 2 , neoplasms accounted for mortality among 5.7% (95% CI: 4.0, 7.3) of theater veterans and 4.8% (95% CI: 2.2, 7.4) of era veterans; malignant neoplasms of the larynx, trachea, bronchus, and lung were most common. Circulatory system diseases accounted for mortality among 5.2% (95% CI: 3.3, 7.2) and 3.8% (95% CI: 1.5, 6.1) of theater and era veterans, respectively; the most common was ischemic heart disease. Just over 1% of theater veterans (1.1%, 95% CI: 0.5, 1.7) and 1.8% (95% CI: 0.1, 3.5) of era veterans died from external causes. Table 3 presents standardized weighted all-cause mortality estimates and age-adjusted hazard ratios for key respondent characteristics of theater and era veterans. Among theater veterans, men had a 2-fold higher mortality risk than did women, and black veterans had a risk of death that was nearly double that of white veterans (age-adjusted hazard ratio (HR) = 1.85, 95% CI: 1.34, 2.57). Theater veterans with a family income less than $20,000 per year had a substantially higher risk of death than did veterans with incomes of $50,000 or more, and theater veterans who were discharged from service with enlisted pay grades (E1-E9) had a higher risk of death than did those discharged as officers (O4-O6).
Theater veterans who reported 4 or more chronic health problems were twice as likely to have died (age-adjusted HR = 2.27, 95% CI: 1.39, 3.70) than were those who reported none. All-cause mortality and risk factor profiles were similar for theater and era veterans.
Hazard models for all-cause and cause-specific mortality among theater veterans
As presented in Table 4 , a high probability of PTSD remained significantly associated with mortality among male theater veterans after adjustment for demographic characteristics (model 2; HR = 1.87, 95% CI: 1.06, 3.30). There was an approximately 1% increase in likelihood of death for each 1% increase in predicted probability of PTSD (HR = 1.007, 95% CI: 1.001, 1.013).
The association between high levels of exposure to war zone stress and mortality among male theater veterans was also significant after adjustment for demographic characteristics and was somewhat lower when PTSD was included in the model, which suggests partial mediation. War zone stress remained independently associated with mortality after accounting for demographic characteristics, PTSD, and comorbid conditions (model 4; HR = 1.64, 95% CI: 1.07, 2.50). Risk of death was increased by approximately 10% for every decile increase in exposure to war zone stress (HR = 1.098, 95% CI: 1.015, 1.189). For female theater veterans, a high probability of PTSD was not significantly associated with mortality risk after adjustment for age, marital status, and income (HR = 2.32, 95% CI: 0.72, 7.47; see Web Table 1 , available at http://aje.oxfordjournals.org/). However, exposure to war zone stress was significantly and robustly associated with mortality among female theater veterans after controlling for demographic characteristics, PTSD, and comorbid conditions (HR = 2.31, 95% CI: 1.22, 4.37).
Proportional hazard model results for specific causes of death indicated that PTSD was associated with death from cancer among both male and female theater veterans and that the relationship was independent of demographic characteristics, war zone stress, and comorbid conditions (HR = 3.01, 95% CI: 1.22, 7.45; Web Table 2 ). The association of a high probability of PTSD with external causes of death also persisted after adjustments for demographic characteristics (HR = 6.70, 95% CI: 1.00, 45.00), although this result was based on a small number of deaths (n = 23). A high probability of PTSD was associated with a lower risk of death from heart disease (HR = 0.22, 95% CI: 0.07, 0.75), possibly be-cause of competing causes of death that were unaccounted for in the models. Figure 1 shows Kaplan-Meier survival curves for theater veterans stratified by probability of PTSD and exposure to war zone stress. Regression analyses confirmed that, when compared with theater veterans with low levels of war zone stress and a low probability of PTSD, those with both high levels of war zone stress and a high probability of PTSD had the lowest probability of survival, with a hazard ratio of 2.34 after adjustment for demographic characteristics (95% CI: 1.24, 4.43). The mortality risk for veterans with a high level of war zone stress and a low probability of PTSD was also elevated, although to a lesser degree (HR = 1.59, 95% CI: 1.04, 2.43), indicating that high war zone stress was associated with a higher mortality risk even among those with a low probability of PTSD.
Kaplan-Meier survival curves
DISCUSSION
As of April 2011, approximately 1,324,930 total deaths had occurred among Vietnam veterans since the late 1980s. All-cause mortality was comparable across theater and era veterans (16.8% and 16.6%, respectively), which suggests that service in Vietnam alone was not an independent risk factor for mortality in the years covered. Although the literature suggests that the higher mortality risk due to external causes among theater veterans compared with era veterans is largely confined to the first 5 years after service (4, 9), our findings suggest that there is a sustained elevated risk of death due to external causes among theater veterans with probable PTSD. Cancer and heart disease accounted for the greatest number of deaths among Vietnam veterans. Among cancer deaths, those caused by malignant neoplasms of the larynx, trachea, bronchus, and lung were most common, which suggests that smoking might be an important behavioral health risk factor among these veterans.
Male theater veterans with a high probability of PTSD in 1987 had a nearly 2-fold higher risk of death than did those without PTSD after we accounted for sociodemographic factors. A high level of exposure to war zone stress was an independent predictor of mortality for male and female theater veterans after adjustment for sociodemographic characteristics, PTSD, and physical comorbid conditions. Altogether, these findings are consistent with the trauma conceptual model (16, 17) , which suggests that PTSD partially mediates the association of war zone stress with mortality among male theater veterans but that a high level of exposure to war zone stress independently increases the risk of early death.
In the present study, we used comprehensive and wellvalidated measures of both PTSD and exposure to war zone stress and an extensive array of key covariates, with follow-up extending from the time of initial assessment in 1987 through 2011. The average age of participants was 41 years at the beginning of the study and 66 years at the end. As a result, the study provides significant additional information and value to the currently available empirical literature on relationships between service in Vietnam (especially exposure to war zone stress and PTSD) and mortality over the older adult life span.
One limitation of the present study is the lack of a civilian counterpart comparison group in the National Vietnam Veterans Longitudinal Study (a major component of the NVVRS). Therefore, mortality estimates among civilian counterparts who were comparable to the theater veterans on key characteristics are not readily available. Despite the 24 years of follow-up, the number of deaths due to any specific cause, particularly external causes, is relatively small, limiting our ability to draw more definitive conclusions regarding the relationships of PTSD and war zone stress with particular causes of death. In addition, because the study did not include continual assessment of health behaviors and conditions, we cannot account for physical or psychological health indicators in the interim, which limits our ability to detect and understand fluctuating relationships of particular risk factors with mortality outcomes over time.
Because the original NVVRS veteran cohort was selected from military records of Vietnam veterans who were still alive in 1987, the present study does not include deaths that occurred during the war or between the end of the war and selection of the cohort (i.e., 1964-1986). Although it is clearly a limitation, in some respects the fact that this study did not start until 1987 is a strength in that it shows that people who had survived the war and the "early" effects of trauma/war zone stress were nonetheless still negatively affected by those experiences more than 30 years after the war ended. Thus, we cannot assume that because Vietnam veterans have entered into older adulthood that their war experience is irrelevant to their health. Therefore, we focused on the long-term, rather than short-term, associations of Abbreviations: CI, confidence interval; HR, hazard ratio; PTSD, posttraumatic stress disorder. a The models presented in the top panel include dichotomous independent variables for probability of PTSD (≥75% vs. <75%) and level of exposure to war zone stress (high vs. low/moderate). The models presented in the bottom panel include continuous independent variables for probability of PTSD and percentile of exposure to war zone stress. See the Methods section for additional details.
b Estimates are weighted and account for the complex sample design using the Taylor series linearization method. All estimates were calculated using the SAS SURVEYPHREG procedure (SAS Institute, Inc., Cary, North Carolina).
c Adjusted for age. d Adjusted for age and other demographic characteristics, including age, race/ethnicity, marital status, pay grade at discharge, educational level, and income.
e Adjusted for age, demographic characteristics, and either percentile of exposure to war zone stress of probability of PTSD. In both sets of models, when entered as a covariate, the PTSD measure is the continuous probability and the war zone stress exposure measure is the continuous sex-specific percentile. See the Methods section for additional details.
f Adjusted for age, demographic characteristics, comorbidity, and either percentile of exposure to war zone stress of probability of PTSD. Comorbidity includes count of conditions and individual covariates for circulatory disease, emphysema, diabetes, cancer, and cirrhosis. Circulatory disease includes heart attack, stroke or cerebrovascular accident, hypertension, atherosclerosis, rheumatic heart disease, or other heart trouble.
military service with mortality, which furthers our understanding of the long-term health consequences of exposure to war zone trauma. Although there have been numerous studies in which mortality risk among Vietnam veterans has been examined up to 3 decades after service, there have been very few in which the long-term trajectories of morbidity and mortality after war zone service have been prospectively examined, and there were fewer still in which health conditions that might affect such outcomes were thoroughly assessed. Therefore, the present study fills an important gap in the literature by providing information about mortality outcomes decades after war zone service among a representative sample of Vietnam veterans with a comprehensive baseline assessment of risk factors.
This study provides uniquely rich information on the longterm effects of war zone exposure and PTSD on mortality that is generalizable to the population of Vietnam veterans who were alive in 1987. Our findings suggest that veterans who experienced high levels of war zone stress should receive close and sustained attention in the form of screening, intervention, and other support services to identify and attenuate impairment associated with PTSD and comorbid conditions that might contribute to a higher mortality risk. The findings also suggest that establishing an empirically validated measurement of levels of exposure to war zone stress among other cohorts of veterans would provide an important index to identify those at risk for early death and to target interventions or support services. Figure 1 . Kaplan-Meier curves for probability of survival for veterans who fought in the Vietnam theater according to war zone stress exposure and probability of posttraumatic stress disorder (PTSD), National Vietnam Veterans Readjustment Study, 1987-2011. Group sizes are as follows: low/ moderate war zone stress and low probability of PTSD, n = 986; low/moderate war zone stress and high probability of PTSD, n = 36; high war zone stress and low probability of PTSD, n = 429; and high war zone stress and high probability of PTSD, n = 137.
